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INTRODUCTORY. 


Methods of Study. 

(1) Observation of living animals in the field and laboratory 
and dissection of their bodies whenever practicable. 

(2) Books are useful as guides and contain many facts and 
suggestions which the student could not otherwise acquire; but 
book-knowledge is of secondary importance in Zoology. 

(3) The careful and intelligent study of a few forms is worth 
more to the student than the memorizing of volumes of zoolog- 
ical descriptions. 

(4) Cultivate the habit of seezmg, and of thinking upon what 
you'see ; ask yourself the meaning of what you see, and endeavor 
to gain clear conceptions of things. 

(5) Take careful notes of what you observe and learn in the 
field, in the laboratory, and in the lecture-room. 

(6) A knowledge of the main facts of Physical Geography is 
the essential basis of all zoological study. 

Why Zoology should be studied. 

(1) Because it brings us face to face with the facts of Nature. 

(2) Because of the mental discipline and the power of logical 
reasoning acquired in the pursuit of the study. 

(3) Because of its broadening influence in a general system 
of education. 

(4) Because man being an animal and subject to the same 
conditions as other animals, a knowledge of animal life in gen- 
eral gives us a truer conception of his place in Nature. 
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Living Matter. 


“(Claus., Text-book of Zoology, English Translation, Vol. I., 
p. 9. Article ‘‘ Biology,’’ Encyclopedia Britannica.) 

1. The Amceba or Proteus Animalcule. 

a. Its nature—a homogeneous jelly-like substance. 

6. It is contractile—moves and responds to stimuli—is auto- 
matic. 

c.. Requires food and oxygen. 

ad. Reproduces itself and grows by taking in food. 

e. The matter of which it is composed is “ving. Living and 
lifeless matter compared. 

2. Protoplasm (Gr. pro/os, first; plasma from plasso, I mould) 
the basis of life. An albuminous substance composed of Carbon, 
Hydrogen, Oxygen, and Nitrogen. 

3. Conditions of Life.— 

a. Food and oxygen; the chemistry of living matter. Life 
is a process of combustion or oxidation—the burning of a can- 
dle—food is fuel—waste and repair. 

6. Life forces.—Energy of living matter a result of com- 
bustion—Motion, sensation, heat, growth; reproduction, death. 

c. External conditions—Moisture, Temperature, Sunlight, 
Electricity. 

d. Aconstant change of material particles characterizes the 
living body. 

Huxley’s comparison of life with the whirlpool wave of 
Niagara. 
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Animal and Plant. 


(Claus., Eng. Trans., I., p. 15. Packard’s Zoology, 
Adv. course, p. I.) 


1. Form of each compared—plant’s organs—(leaves, flowers, 
root, etc.) are externa’. Animal’s organs are internal. 

a. Animal moves; plant is fixed. 

4. Animal is sensitive; plant is not. 

c. Exceptions. 

2. Conditions of growth and nutrition in each.— 

a. Nature of animal food—complex. ‘Three varieties—pro- 
teids or albuminoids, starches, fats. Changes of food elements 
in the animal body. 

6. Plant food simple compounds—CO,, H,O, NH, and mineral 
matter. ‘Disposal of food by plants. 

c. Animal breaks down complex food-stuffs into simple com- 
pounds. Plant builds up complex food-stuffs out of simple 
elementary compounds. 

ad. ‘*The conservation of energy’’—(see Balfour Stewart, 
Int. Science Series).—process in plants is a synthesis; im ani- 
mals an analysts. Relations between the two in the economy of 
Nature. 

é. Plant energy is potemtia/; animal energy is £znetic. 

jy. Plant and animal composed of the same substance (proto- 
plasm)——but representing two divergent lines of growth. 

g Biology (Gr. dzos, life; Jogos, discourse) is the Science of 
Life. Botany, the Science of Plant Life; Zoology, the Science 
of Animal Life. ) 


Organization of Animals. 


(Claus., Eng. Trans.,I., p. 24. Packard, p. 1-631. Carl Gegen- 
baur, Elements of Comparative Anatomy.) 


1. The animal body likened to an engine doing work—its 
protoplasm is divided into different parts or organs for carrying 


on the work—just as the engine is made up of different parts for 
carrying on its work. 
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a. As compared with a crystal—the animal and also the plant 
body is distinctly organized; hence living matter is said to be 
organic—or composed of organs. 

2. Ihe nature of organs.—Organs are composed of “issues. 
Four principal kinds of tissues— 

a. Covering tissues—outer skin, or epidermis—and its various 
structures—horn, hair, feathers, scales, etc. 

6. Connective tissues—cellular tissue (adipose when contain- 
ing deposit of fat). Mucous, fibrous, cartilaginous, osseous or 
bony tissue with addition of lime and earthy salts. 

c. Muscular tissue. 

ad. Nervous tissue. 

3. Tissues are made up of ce//s.— 

a. Character of animal cell—cell-wall, protoplasm, nucleus, 
nucleolus. 

b. Lhe cellis the untt of life. 

c. The cells of the body of a higher animal cgilipardd with the 
amceba. 

@. ‘The entire animal body is a mass of many thousand cells— 
doing different kinds of work.— Zhe Division of Labor. 

e. Characters of different cells. 

4. a. Anatomy is the study of structure ; 

6. Physiology the study of function ; 

c. Morphology the study of form, i.e. the various forms which 
the same structure may assume under different conditions. 

5. Lhe physiological character of the cells of a tissue deter- 
mines its nature and consequently the function of the organ of 
which it forms a part. 

6. Organs are developed for the carrying on of the several 
different kinds of work resulting from the energy of combustion ; 
organs related in the same work are grouped into systems. 

7. Vegetative organs—those concerned in the nourishment of 
the animal body. Under this head are— 

8. Organs and tissues of Digestion.— 

a. Reception and digestion of food a primary object; food 
must be prepared before it can be assimilated by the animal 
body. | ay 
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db. General view of digestion. 

g. Organs of Respiration.— 

a. Reception of oxygen-laden air a primary object. 

6. General view of respiration. | 

1o. Organs of Circulation.— 

a. Food and oxygen must be circulated through the body and 
waste matter carried off. | 

é. The blood, a circulating tissue. 

c. General view. 

11. Organs of Secretion—for elaborating elements from the 
blood. — : ) 

a. For use in the animal economy. 

6. To be carried off as waste. 

c. The lymphatic system. 

@d. General view. 

12. Organs of Animal Life.— 

Those that are concerned with distinctively animal qualities, 
i.e. motion and sensation. Under this head are the following— 

13. Skeleton—for protection and as a means of motion. 
Two kinds—_ | 

a. Exoskeleton=skin or outer covering. 

_ 6 Endoskeleton=internal skeleton of bone or cartilage. 

14. Nervous System; Sensation. 

a. For the perception of surrounding conditions, as heat, 
light, objects, etc., through the senses. 

6, For the conversion of bodily energy into definite life- 
forces working through all the other systems, as motion, repro- 
duction, digestion, réspiration, circulation, etc. 

15. Two kinds of nervous matter— 

a. Gray matter—composed of a delicate net-work of cells; 
function—generates nervous impulses. 

6. White matter—composed of fibres; function—conducts 
impulses. 

16. General view of nervous system in animals. ; 

17. Organs of Special Sense.— 

a. Eye—developed in relation to waves of light. 


6. Ear or auditory organ—developed in relation to sound- 
waves. 
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c. Olfactory or nerves of smell. 
-@. Gustatory or nerves of taste. 
é. Touch nerves and nerve endings. 
18. Masses of gray tissue in various parts of the body form © 
gangha for generating force or impulses. 
1g. The brain of an animal is a collection of these ganglia. 
20. Reflex action in motor and sensory nerves. 
2t. Psychical life and instinct—(Claus., Eng. Trans., I., p. 
93. Packard’s Zoology, p. 680). Reflex-action or the reaction 
of the organism to impressions from the surrounding world is 
the basis of all psychical manifestations. 
22. Muscular System.— 
a. Developed in relation to nervous system as a means for 
carrying out bodily energy in the form of JZotion. 
6. Mechanical relation of muscles to the work to be done. 


- Reproduction and Development. 
(Claus., Eng. Trans., I., p. 95. Packard, p. 643.) 


1. Individuals give rise to new individuals by— 

a. Division or fission. 

6. Spore-formation. © 

c. Budding or gemmation. 

These are asexua/ in Nature. 

2. Sexual reproduction is the separation into two germinal 
elements or individuals— 

a. The male or sperm-cell (sfermatozoon). 

b. The female or egg-cell (ovum). 

3. The former fertilizes the egg-cell, starting within it a 
series of changes which give rise to the formation of a new 
individual. : , 

4. The study of the development of an individual from a sim- 
ple cell constitutes the science of Embryology. 

5. The condition in which both male and female elements are 
combined in the same individual is known as hermaphroditism 
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and the individual is called an hermaphrodite. ‘This condition is 
frequent in many of the lower animals, e. g. worms, crustacea, 
étc. 

6, In certain forms (bees, bark-lice) and under certain con- 
ditions, generation and development of the egg seem to proceed 
without fertilization or the intervention of the male in any way. 
New male individuals or drones are thus produced in a colony of 
bees from the unfertilized eggs of the queen. This is known as 
parthenogenests. 

7. In most of the higher animals the new-born young agrees 
closely with the adult parent, and the duration of embryonic life 
(the life previous to birth) is relatively long. In many of the 
lower animals however this period is short, the young are born 
immature'and pass through a /arva/ stage of life (the caterpillar 
and grub forms of butterflies and other insects; the tadpole state 
of the frog, etc.). This condition is known as metamorphosis and 
the young is called a /arva. ! | 

8. Certain fixed colonies of hydroid polyps produce buds 
which develop into free-swimming meduse or ‘‘jelly-fish’’ forms 
and becoming detached float away bearing the mature sexual 
elements. These in turn give rise to embryonic forms or 


planule which finding suitable conditions on the sea bottom take ~ 


root and develop into branched stocks or colonies of hydroids 
like the first generation. This condition is known as a/fernation 
of generations. Special forms of this occur in certain groups. 
The process represents an effort on the part of the animal tissue 
to fulfl certain conditions which the life of a single generation 
of individuals fails to accomplish. The asexual and higher sex- 
ual form of reproduction represents a division of labor on the 
part of the reproductive tissue. 

g. Development.—The first step in the formation of a new 
individual consists in the production of a great number of cells 
within the egg-cell or ovum by a splitting up of its yelk-mass 
or protoplasm. This is known as cleavage or segmentation. 


The new cells ultimately arrange themselves into two layers or 


membranes (blastodermic membranes). The outer one is the 
epiblast, the inner one the hypoblast. Later a third layer of 
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cells, the mesoblast, appears between them. Out of this blasto- 
dermic tissue the organs and tissues of the future individual are 
fashioned. 


Plan or Symmetry of Body. 


(Claus., Eng. Trans., I-, p. 25.) 

1. The animal body is constructed on a definite plan or sym- 
beer y-—two types— 

a. Radial symmetry—e.g. star-fish, in which the body con- 
sists of a repetition of similar parts arranged around a central 
axis. 

6. Bilateral symmetry—e.g. the vertebrates and higher inver- 
tebrates. A longitudinal section through the middle of the body 
divides it into two equal parts or halves, each half presenting 
the same features —(i.e. structure is repeated on the opposite 
sides). Thus the majority of the organs of a bilateral animal are 
paired, as the lungs, lobes of the brain and nervous system, 
limbs, kidneys, etc. Single organs lie in or near the median 
line, e.g. digestive system, and these show bilaterality. 

2. The conditions of zzghtand /e/¢ result from the bilateral 
organization. : 


Environment. 


THE NATURAL CONDITIONS OF EXISTENCE AS AFFECTING ANIMAL 
LIFE. 
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(Carl Semper, ‘‘Animal Life,’’ Int. Science Series; A. R. 
Wallace, ‘* Darwinism.’’) 


1. Variability of organisms and resulting adaptation to their 
environments. 

2. Jnheritance—the transmission of characters from parent 
to offspring. 

3. The sensitivity of the cell ; reflex action. 
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Influence of external factors— 
Food and its influence. c 
Light and its influence. 

Temperature and its influence. 
Influence of water and air. 

The law of Natural Selection and its workings. 

The prodigality of Nature. —An immense number of young 
are produced ; a single cod-fish will produce 25,000 eggs in a 
season; very few of these ever reach perfection owing to 
destruction through various causes. 

6. The economy of Nature.—Every available place in the 
world is filled with some form of life: the sea and its inhabit- 
ants, the air, the land. 

c. Animals are specially fitted for the positions they occupy. 

d. The ‘‘survival of the fittest’’ in the ‘‘struggle for exist- 
ence’’ through natural selection.—Weeding-out of the weaker 
ones in the ‘‘race for life,’’ only the strongest or best adapted 
may survive, and these will transmit their superior vitality and 

peculiar characteristics to their offspring, which in turn will tend 
to supplant other less adapted forms. 

e. ‘This difference of individuals is the result of their inherent 
tendency to vary slightly, and some slight variation may prove 
of advantage and thus be perpetuated by use. 

J. The effects of use and disuse. 

6.. Colors of Animals: Sexual Selection.— 
Nature of color ; a physical phenomenon. 
Diversity of color. 

Color as a means of protection. 
As a means of recognition. 
As a means of warning. 


Se a 


Mimicry.—Protective coloring. 
-Mimicry of surrounding objects, as leaves, bird-droppings, 
etc., by insects. 

6. Mimicry of one animal by another (butterflies). 

c. How natural selection effects these likenesses: sexual 
selection. 


8. Evolution of animal forms. —Evolution (L. evolvo, to 
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unfold or open out) is an unfolding or expanding process: 
the gradual development of an animal from a simple to a more 
complex state of being (ascending series of animal forms). 
This is brought about by an inherent tendency on the part of 
living matter to change or vary, and by the constant unconscious 
striving of all forms of animal life toward the accomplishment 
of certain ends—viz. 

a. To capture food in the easiest way. 

6. To protect themselves thoroughly. 

c. To move about with the greatest facility. 

a. Yo reproduce to the best advantage. 


Distribution. 


ee, ene. irans., 1, p..159. Packard, p. 658. A. R. 
Wallace, ‘‘ Darwinism’’ et ‘‘Geog. Dist. of Ani- 
mais, ' 2 vols, et ‘Island Life.’’) 


1. Geographical distribution and diversity of species.— Gen- 
eral facts and observations. 

a. Popular idea—diversity of animals due to diversity of 
climate and vegetation, animals distributed in zones or regions 
of latitude—e.g. arctic, temperate, and tropical zones, etc. : 

6. Incorrectness of this idea seen by comparing the animals 
of equatorial Africa and South America, South Africa and 
Australia, Europe and temperate America. 

c. Incorrectness of idea proved also by widely ranging animals 
—as opossums ; crows found in all parts of the world but South 
America; sloths found only in that continent ; antelopes found 
only in Asia and Africa; lemurs only in Madagascar and 
adjacent regions; birds of paradise only in New Guinea. 

2. The causes of dispersal. 

a. Original home of an animal or its ‘‘centre of develop- 
ment.’’ 

6. Increase of individuals is enormous and causes rapid dim- 
inution of food-supply in a restricted area—(e.g. ‘a bird living 


14 


5 years and producing ro pairs of young would increase ie 

unchecked to 100,000,000 in 40 years— Wallace). ; 
c. This necessitates the enlarging of an animal’s range in 

order to obtain more food, and establishes a wandering habit. 

d. Accidental causes of dispersal—drift-wood, floating ice, 
winds, etc. 

3. Barriers, limiting an animal’s range.—An animal in wan- 
dering meets with various barriers that tend to check its abies 
progress—two kinds, physiographic and organic. 

a. Mountain ranges separate species, e.g. Andes, Alps, 
Pyrenees, etc. 

6. Rivers and arms of the sea. 

c. Islands. 

d. Isothermal lines. 

é. Deserts and forests. 

We have to consider what facilities different classes have in 
overcoming barriers, and what barriers are most effectual. 

4. Mammals.—Ability of many to roam over whole conti- 
nents, checked only by food and climate. 

a. Elephant lives on both plains and mountains; ascends 
Adam’s Peak, Ceylon. 

6. ‘Tiger swims arms of the sea; has great powers of dispersal, 
can endure the cold of North China and Tartary as well as the 
heated jungles of Bengal. 

c. Rhinoceros and lion are widely dispersed, area of land and 
food only limiting their possible range. 

d. Apes, monkeys, lemurs, and many small animals leading 
arboreal lives are much more restricted. 

e. Open country essential to some animals, e.g. antelopes, 
zebra, etc. 

J. High mountains for goats and ibex. 

g. Rivers for beaver, etc. 

h. Climate limiting a mammal’s range; more often due to 
change of vegetation as the result of climate than to climate 
itself. 

2. Monkeys limited to equatorial belt of forest 30° wide; 


due largely to food (fruit). One monkey inhabits —— 
above snow-line (altitude 11,000 feet). 
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j. Many Northern animals bounded by isotherm of 32°— 
polar bear and walrus. 

k. Fossil remains of elephants and rhinoceros found imbedded 
in-ice proves their once colder habitat. 

/. Valleys and rivers as barriers.—Their humidity, etc. 
Monkeys and birds (trumpeters) on the Amazon. 

m. Arms of the seaas barriers. Few mammals can swim very 
wide areas of water, but many swim well for short distances, 
e.g. jaguar, bear, bison, deer, rodents, etc.; pig’s ability to 
swim. 

mn. Ice-flows and drift-timber. 

o. Bats, seals, and cetaceans have very great facilities for dis- 
persal. 

5. Birds.—Though possessing greater powers of dispersal 
(flight), they are as strictly limited as mammals. 

a. Petrels, gulls, and shore-birds wide rangers. Most species 
confined to one or other ocean. 

6. Smaller perching birds much more limited. 

c. Dispersal of birds by winds; American birds in Europe, 
etc. 

d. Barriers to birds. —Narrow seas and straits often effectual 
barriers; forest country ; mountain ranges rising above woody 
country ; great rivers. | 

e. Migration of birds—regular, compared with the irregular 
periodical movements of some mammals (e.g. lemming, ante- 
lopes, etc.). Movements of fishes more like birds. 

jf. Migration in Europe.—Constancy of appearance ; routes. 
The nightingale; wide range; antiquity of migrations; past 
conditi ns of land ; the Mediterranean a dangerous crossing. 

g. India and China—birds comé in autumn from Europe 
and Western Asia. . 

h. North America.—Migrations mostly eastern; many more 
migratory and many less resident species than in Europe, signifi- 
cance of this. Wood-warblers and orioles; cliff swallow; 
bobolink, its range has increased with extension of wheat and 
rice growth. 

7. South temperate America.— 
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7. Habit of wandering in birds exaggerated. Why? Instinct ; 
glacial period; nesting site, more or less regular in many 
species. 3 : 

k. Importance of food.—Winged insects and caterpillars, 
significance. 2 : 

6. Reptiles and Batrachians.—With exception of marine 
forms, reptiles are scarcely more fitted for crossing ocean and 
seas than are mammals. 

a. Reptiles on oceanic islands. 

6. Several groups differ considerably in dispersal and over- 
coming powers—snakes most dependent on climate, not found 
above 62° in North America; nor on mountains to any great 
height (Alps 6,000 feet). Different stations of snakes. 

¢. Lizards, tropical as arule, but go farther north and reach 
higher altitudes than snakes (to,ooo feet in Alps). Dispersed 
over the ocean probably in egg-state to some extent, as .they 
inhabit islands where there are no snakes or mammals. 

@. Batrachians (frogs, etc.)—Wider ranging than reptiles; 
deserts and oceans are barriers to them, as dryness and salt 
water are fatal. 

7. Fishes, fresh-water and marine.— 

a. ‘Temperature is a barrier. 

6. Depth of water a barrier. 

c. Limited migration. 

@. Dispersal by winds. 

e. Eggs carried by, birds. 

8. Mollusca: marine, fresh-water, and land.— 

a. Marine mollusca.—Many kinds drift in mid-ocean; 
probably only limited by temperature, presence of certain 
enemies, and scarcity of food. Slow-moving forms, as whelk 
and cockle, range widely, as their young are free-swimming. 

6. Fresh-water mollusca.—We would suppose them to be 
limited to particular river-basins, but they are widely dispersed. 
Eggs become attached to feet of aquatic birds. Salt water fatal 
to them. 

c. Land shells.—A more difficult problem ; very sensitive to 
salt water, and not in places much frequented by aquatic birds, 
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still are widely dispersed over globe and in most oceanic islands, 
possessing remarkable vitality, e.g. snail glued down to tablet in 
British Museum for four years. Darwin’s experiment shows that 
when they form a membrane over mouth of shell, can resist sea- 
water for some time (14 days). Attached to feet of wading birds 
which wander inland. Even though it should only occur once 
in a thousand years, a few snails carried to a distant island 
would by these means eventually stock it. 

g. Dispersal of insects.—Winged insects have varied means 
of dispersal over globe; many can fly immense distances ; many 
carried far out to sea by storms, e.g. hawk-moths 250 miles from 
tropical shores; Darwin caught a locust 370 miles from nearest 
land. ‘Tropical insects in the London docks. Great vitality of 
insects, e.g. beetles in strong spirit and in boiling water. Bar- 
riers to insect—presence or absence of certain forms of vegeta- 
tion ; parasitic and mimicking species depend on presence of 
other animals; enemies to the several stages of insect existence 
forma barrier. 

10. Distribution affected by changed conditions of earth’s 
surface, = * 3 3 

a. Physical geography—contour and relief; depth of water ; 
position of desert, lake, and forest; ocean currents; climate ; 
winds, etc.—very important. , 

6. Relations of land and water to each other—area of water 
three times that of land. levation and subsidence. Large 
masses of land have probably been more isolated. Shallow 
parts of ocean are mostly in the vicinity of land; significance 
of these facts. 

c. Continental areas.—Land mass almost continuous, consists 
only of three masses: 1, American; 2, Asia-African; 3, Aus- 
tralian. 

ad. Slow process of upheaval has always produced land close 
to continental areas. 

e. Present isthmuses small and insignificant compared with 
countries they unite: Suez a desert barrier; Panama a more 
effectual connection. 

f. Asia: Himalayas a great transverse barrier. 
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g. Africa: Great Sahara Desert, transverse barrier. 


h. Europe and Asia cannot be separated zoologically. 


7. Recent changes in continental areas: Sahara was under. 


water at a very recent period; sea-shells, identical with living 
Mediterranean species, found abundantly as high as goo feet ; 
deposits of salt abundant; a species of fish found in inland salt 
lake, identical with one in Gulf of Guinea. 

j. Mediterranean has suffered subsidence in parts ; submerged 
banks 300 to 1200 feet, other parts 13,000 feet deep. 


k. Remains of African elephant, of a fossil elephant, and two. 


species of hippopotamus found in Sicilian caves; in Malta, three 
species of fossil elephant; significance of these facts. 

7. Many shells and corals of West Indies and Pacific coast are 
identical ; some living fishes also ; significance. 

11. Glacial Epoch.—Effect on existing species; evidence of 
“dent 

a. Many fossil animals and plants show that, previous to gla- 
cial epoch, the climate of Central Europe was much warmer 
than now, and a temperate climate extended into Arctic regions, 
allowing a magnificent vegetation to flourish within 12 degrees of 
pole. | 
6. Gradual refrigeration of climate taking place, life-forms 
were driven southward or exterminated, e.g. mammoth, rein- 
deer, etc. 

c. Evidences of the effect of glacial epoch upon life, seen in 
recent remains of shells with living Arctic representatives ; in 
Arctic and Alpine plants, White Mountains and Labrador ; 
Pyrenees and Scotland and Scandinavian Peninsula; in changes 
of vegetation, e.g. prehistoric Denmark. Old forests, peat- 
bogs, kitchen-middens. 

d. Cause of glaciation (Wallace, ‘‘Island Life,’’ Croll, 
‘¢ Climate and Time’’). 

12. Organic Barriers.—Complex effects. 

a. Goats in island of St. Helena, destroying forests. 

6. Swine in Mauritius, exterminating the dodo. Swine kill 
poisonous serpents. . 


c. Cattle often prevent growth of trees; effect on insects and 
birds. : 7 
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d. Effect of Paraguay fly ; effect of South African tse-tse fly 
on different animals. 

é. Cats and clover (Darwin). 

13. General conclusions; hypothetical case (Wallace). 

14. Zoogeography.—Food, climate, and physical character 
of land of utmost importance in making an animal what we 
see it. ' 

a. Native country or Aaditat. 

6. Diversity; how produced. 

c. Early types were fewer; present types more numerous. 

@d. Effect of surrounding conditions and power to wander, the 
two great factors in producing diversity; different parts of the 
earth characterized by different animals a result of these two 
factors. | 

é. Earth divided accordingly into zoological regions. 

J. The animals of a particular country are collectively called 
its fauna. 

g. ‘We would suppose all animals closely allied to inhabit the 
same or continuous areas of country and wice-versa. 

h. Certain widely distributed animals are not found in certain 
countries, e.g. bears, pigs, and deer not found in tropical or 
South Africa. | 

z. Certain closely allied animals are found aici separated, 
e.g. tapirs, anthropoid apes, and camel tribe. ‘These are prob- 
lems to be considered ; their solution found in the two factors 
and in the past history of the earth and its inhabitants. 

Jj. Importance of geology, physical geography, and the study 
of fossils or paleontology. 

k. Most important class of animals in determining regions are 
mammals; then birds; other groups follow. 

Z. Primary divisions dependent on great barriers—mountain 
range, ocean, desert,.climate. 

15. Palearctic or Furasiatic Se is — 

ta. Barriers. & <*> ave Sean i 

6. Characteristic tet ee ae entire hou of moles ; 
peculiar carnivores; camels; deer; yak; chamois; saga-ante- 
lope and addax; peculiar rats; dormice; tailless hares. 
Peculiar genera and species of birds numerous. 
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c. Several sub-regions characterized by certain peculiar 
species. Local barriers. 

16. Ethiopian region.—Africa south of the Atlas Mountains 
and the islands of Madagascar group. 

a. Characteristic animals—peculiar apes, gorilla, and chim- 
panzee; lemurs, hippopotamus and giraffe strictly peculiar; 
such highly characteristic groups as hyenas; several cats; 
hyrax; rhinoceros (two-horned); zebra and numerous ante- 
lopes. oboe’ 

6. But no bears, moles, camels, pigs, sheep, goats, or wild 
cattle. 

c. Peculiar genera and species of birds numerous—bee-eaters, 
hornbills, shrikes, crows, starlings, cuckoos, and the peculiar 
plantain-eaters; the Guinea-hen and secretary bird highly 
peculiar. 

ad. Altogether a very isolated and peculiar region. 

17. Oriental region.—India, China, and Malay islands as far 
as. java.) 

a. Barricrs. 

6. Rich and varied animal life.—Orang-outan ; distinct family 
of lemurs; remarkable insectivore (flying lemur); peculiar 
carnivora (civets, weasels, etc.); peculiar dolphin found in 
Ganges and Indus; peculiar deer-like form (chevrotain) ; buffalo 


and zebu; rhinoceros and elephant, etc. Numerous peculiar 


birds. 

18. Australian region.—Australia and Polynesia; one of the 
best defined regions, including Australia and the adjacent islands 
as far east as the Sandwich and Marquesas groups. The island 
continent of Australia is in the track of the southern desert zone ; 
no inland mountain chain; interior a parched desert. 

a. Highly characteristic mammals.—Marsupials and mono- 
tremes ; rats, mice, and bats the only other mammals. 

6. Marsupials diversified to fill every position in economy of 
Nature—carnivorous, insectivorous, herbivorous, etc. ; 

¢. Birds highly peculiar—no true finches, woodpeckers, 
vultures, nor pheasants; but many parrots, birds of paradise, 
lyre-birds, mound-makers, cassowaries, brush-tongued parroquets 
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strictly peculiar; pigeons and king-fishers remarkably devel- 
oped. . 
19. Nearctic region.—North America to the highlands of 
Mexico. 

a. Characteristic animals—star-nosed mole; peculiar weasels ; 
raccoon ; peculiar seals on coast ; prong-buck, musk-sheep, and 


Rocky-Mountain goat; musk-rat, “pouched rats or gophers, )~‘ 


prairie-dog, and chipmunk ; Canada porcupine and white-footed 
mouse. rset % ee et Apes 4 nsha ee 

é. A number of distinct birds—wood-warblers, wrens, finches, 
ete. 

c. Sub-regions—local barriers. 

20. Neotropical region.—South and Central America; 
richest in peculiar forms of any region in the world ; isolated. 

a. Characteristic mammals—two families of tailed monkeys ; 
blood-sucking bats; chinchilla and cavy; tree porcupines; 
sloths, armadillos, and ant-eaters (den/ata); marsupials; one 
mole-like form; llama and several deer, the only ruminants ; 
peccary and tapir the only non-ruminating hoofed mammals. 

6. Birds highly peculiar—humming-birds, ant-thrushes, trump- 
eters, toucans, puff-birds, jacmars, etc. 
¢. Relations of Nearctic and Neotropical regions; signifi- 
CAICS. i; 
21. Study of the geological history of animals (fossils) reveals 
their relations to “me, as geographical distribution reveals their 
relations to space. 

a. Many problems of distribution can only be solved by a 
survey of past conditions. 

6. Origin of existing species; immense lapse of time since 
their first appearance. 

c. Animals change with changing physical conditions; great 
length of time required. | 

d. Rapid multiplication a cause of dispersal over newly raised 
areas of land. | 

é. Most radical difference between species dependent on 
degree of isolation by most effectual barrier. 

jf. Spread of species follows geological change; extreme slow- 
ness of the movement. 
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22. Divisions of time.—Geological history divided into eras, © 


ages, periods, and epochs, each determined by certain great 


changes that have taken place in physical geography, climate, - 


and forms of life. 

a. Each great division of time recorded in a rock-formation 
or vock-system,; the life-remains found in each are termed its 
Jossils. 

6. Each division is characterized by the dominance of some 
particular class of life-forms, e.g. age of fishes; age of coal- 
plants. . 

c. Each age has gradually merged into the succeeding one; 
in one age, the life of the next begins to appear. 

d. Each class does not die out, but its species become changed 
according to laws already pointed out, and in succeeding ages 
new types appear higher than those of preceding age, more 
complex in structure (ascending series). 

23. Dynamics.—Great rock-beds of earth’s crust as we see 


them to-day have resulted from the ceaseless action of ocean, 


rain, rivers, ice, wind, and frost upon ancient land areas which 
have appeared and disappeared from time to time owing to cer- 
tain internal conditions producing upheaval (elevation) and 
sinking (subsidence) of crust. . , 

a. ‘These same geological processes are going on to-day, have 
always been going on very slowly. 

6. Sudden revolutions have occurred in earth’s history, 
causing great destruction of life; life was not entirely extin- 
guished. 

c. Then, as now, shells lived in ooze of sea-bottom or were 
cast up on ancient beaches; leaves and branches of trees and 
bodies of animals were carried down by rivers and buried in the 
mud of lakes and seas. 

d. Their remains have been deposited in the mud or sand, 
which in the long lapse of time has become hardened into rock 
(shale, slate, sandstone, limestone, etc.), and are preserved to 
the present day as fossils. 

e. Generally only the hard parts of animals are preserved 
(shell, bone); often only their impressions or casts. 
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'f. Kind of fossils found depends on—1, kind of rock; 2, 
country 5 3, age. 

24. Chronology—Five great eras of geological history, each 
embodied in a corresponding system of rocks— 

a. Eozoic (dawn of animal co aa seen in, de uuira a or r Primary 
rock system. 

6. Paleozoic (old Hie) Shure. Devénian, sae Carbon- 
iferous ages; rocks of transition series. " | 

c. Mesozoic cmididie life) Triassic, Jurassic, and Cretaceous ; 
rocks of Secondary series. 

d. Cenozoic (recent life)—Tertiary and Quartemary periods 
and deposits. 

e. Psychozoic (rational life)—present system of sediments. 


Historical Review. 


aati wee ares, f., py rr. A. B. Buckley, ““A Short 
History of Natural Science. he 


1. Ancient idea of animals.— 

a. Earliest conceptions of animals came through a curious 
system of worship ; still exists in many lower tribes (totem). 

6. The earliest scientific study of animals, made by the 
Greek philosopher Aristotle (4th century B. C.); he founded a 
system of classification. 7 

¢. Folk-lore and mythology of animals. 

2. The mutual dependence of the several sciences is an 
important consideration in the study of any one of them, so that 
in the history of the development of knowledge of animal life 
discoveries in other fields must be taken into account. 

3. Middle ages.— 

a. Little advance made in knowledge of animals; effect of 


~ Mohammedanism. 


6. Arabian alchemists and their work ; Geber founds chem- 
istry, A.D. 830. 

c. Roger Bacon, A.D. 1214; progress in other lines of inves- 
tigation and its bearing on animal life. 
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ad. Influence of Church in retarding the progress of scientific 
discovery. 

4. Sixteenth century.— 

a. Advances in general knowledge; Copernicus and Galileo 
in astronomy and physics. 

b. The studies of Vesalius and Gesner in animal life. 
Seventeenth century.— 

Galileo and Kepler in astronomy. 

Harvey discovers the circulation of the blood, in 1619. 

. John Mayow on breathing and burning, 1645-1679. . 
d Malpighi, of Bologna, and the microscope, 1661. <j. — 
e. Classification of animals by Ray and Willughby, 1693- 

1705. 
jf. Sir Isaac Newton and the law of gravitation, 1666. 

6. Eighteenth century.— 

a. Boerhaave’s discoveries in organic chemistry. 

6. Haller and Hunter and their work in anatomy. 

c. Bonnet and Spallanzani, their work on living animals; 
Bonnet points out the steps of development from lower to higher 
forms. 

ad. Linneeus, the Swedish naturalist, and his classification of 
animals and plants, 1707-1778. 

e. Study of geology—Werner, Hutton, etc. ; its bearing on 
animal life. 

Jf. Discoveries in chemistry.—Dr. Black, of Scotland, dis- 
covers carbonic acid gas (CO,), 1756; Cavendish discovers | 
hydrogen (H), 1760; Dr. Priestly discovers oxygen (O), 17743 
Lavoisier, founder of modern chemistry. | 

7. Nineteenth century.— 


SSAA 


a. Coincident advances in astronomy and physical science. 

6. Alex. von Humboldt, 1793-1859; he studies the lines of 
equal heat over the earth (isothermal lines), and founds the sci- 
ence of physical geography. 

c. ‘The French school of zoology: Lamarck, Cuvier, and St. 
Hilaire ; Lamarck advances the view that the diversity of species 
results from a gradual development under action of environment 
through constant slow changes; Cuvier shows how the parts of 
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an animal agree so exactly that, seeing one part, the whole ani- 
mal can be known; he studies fossils of the Paris-basin; St. 
Hilaire points out the diverse forms which the same organ 


. assumes in different animals when subserving different functions 


(homology). 

@. Von Baer, of Russia, founds the science of embryology. 

e. Sir Charles Lyell in geology, 1830. 

jf. Louis Agassiz in geology and zoology. 

g. Charles Darwin and his theory of the ‘‘ Origin of Species 
by Means of Natural Selection.’’ The founding of a new sci- 
ence of animal life. 

8. Growth of knowledge in history as compared with its 
growth in the individual. 

a. Pointing out the true course of intellectual development ; 
observation first, and then the reasoning faculties. 


Classification. 


MEANING OF THE PRESENT SYSTEM. 


(eae ene -«irans., I, p.. 139. Packard, p. 13. Article 
‘«Zoology,’’ Ency. Brit., by Lankester.) 


1. Classification is an ideal scheme based on the natural rela- 
tions of animals to each other. ? 

2. he individual is the one real tangible element in life. 

3. A spectes is a group of similar individuals producing simi- 
lar offspring and differing from all other forms. 

4. Example, the American robin is a species of thrush 
(migratory or red-breasted thrush). 

a. Other closely allied species of thrush occur in different 
parts of the world (English blackbird, song-thrush, etc.). 

b. These form a genus (pl. genera), denoting a common 
ancestry for all the closely allied spec:es. 

c. The offspring of two different species is called a hybrid, it 
is usually sterile or incapable of reproducing itself, e.g. the mule, 


_a cross between horse and ass. 


5. Principles of classification. 
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a. A thrush is a dird. : 

2. A bird is an animal possessing a dackbone or vertebral 
column. 

c. The robin therefore belongs to the azimal kingdom. 

ad. Sub-kingdom vertebrata. 

e. Class birds (Aves). 

f. Sub-class Carinate, birds with a ‘‘ keeled’’ breast-bone. 
Order Passeres, perching-birds. 

h. Sub-order Oscines, singing perching-birds. 

7. Family 'Turdide, thrushes. i te 

7. Sub-family Turdine, typical thrushes. 

hk. Genus Merula, blackbird-like thrushes. 

7. Species migratoria, migratory thrush or robin. 

m. Variety or species in the process of formation, as seen 
in various local races of species under special conditions of 
environment. ! 

am. In like manner, every form of animal may be classified. 
But it must be remembered that this is only an arrangement to 
express our present knowledge of the relations of an animal in 
the scheme of life. | 

6. Evidences from fossils and from the steps of development 
point to a common origin for all forms of animal life; the great 
diversity of forms being the result of an inherent tendency to 
vary under the influence of surrounding conditions acting through 
a vast period of time. | 

7. An animal or an organ which has developed in a particular 
line or function under the impress of external conditions is said 
to be spectalized, i.e. adapted to special ends. 

8. In contradistinction, a generalized form is one adapted to 
more general conditions of life, e.g. bears and cats are carnivo- 
rous or flesh-eating ; the cats are specialized carnivores adapted 
to prey solely upon living animals, their entire organization 
being correspondingly developed ; bears are both vegetable and 
flesh feeders, and are therefore generalized in their structure. 

g. Characters are not always established by the development 
of parts—degeneration or atrophy from want of use gives rise to 
important features of structure, e.g. blind fish of caves; wing 
of domestic duck ; wingless beetles on islands, etc. 
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IO. TABULAR VIEW OF THE SUB-KINGDOMS OR PRIMARY 
BRANCHES OF ANIMAL LIFE. 


-8. VERTEBRATA. 
Ascidians to Man, 


7. ARTHROPODA. 
; Crustacea, Insects. 


6. MOoLuusca. 
Clams, snails, etc. 


a~ 


5. VERMES. 
Worms 
| 
| 
-ECHINODERMATA. A tern #3 
Star-fish, etc. 
3. C@LENTERATA. Par eee 
Polyps, etc. Sponges 
| ee 


METAZOA (many-celled animals). 
| 4 


1. PROTOZOA (single-celled animals). 
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Protozoa. 


FIRST ANIMALS. 


(<iaus,, Eng. Trans., 1., p.. 180. Packard, p. 17.) 


1. Unicellular animals of minute size; body composed of a 
nearly structureless jelly-like substance (sarcode); no definite 
parts or organs (undifferentiated). 

a. Sarcode is the animal protoplasm—(C;H;O;N); it is con- 
tractile, semi-fluid in consistence; contains granules and a 
definite nucleus. 

é. Contractile vacuole—its character. 

c. Beginnings of a digestive system sometimes present in 
higher forms (mouth-opening). 

d. Reproduction—by division, budding, and spore-formation 
(asexual). 

e. Locomotion—pseudopodia, cilia, dabelta, 

fj. Habit—almost exclusively aquatic ; individuals are minute, 
but sometimes form colonies of considerable size. 

2. Classification—two classes— 

a. Rhizopoda (root-footed animals). 

6. Infusoria (animalcule), 

3. Class Rhizopoda.—Protozoa without a covering membrane, 
the sarcode sending out processes (pseudopodia) which it again 
retracts; as a rule, a shell of lime-carbonate or silica is secreted 
by the sarcode. Three orders— 

a. Foraminifera (hole-bearers).—Rhizopoda either naked or 
with a calcareous shell pierced rg one RPOL for exit of pseudo- 
podia. ‘dbus 
_ 8 Relation to sea-bottom and paris crust ; Globigerina ooze, 
an enduring deposit; ‘‘ Nummulitic’’ limestone of Pyrenees ; 
_ chalk of France and England. 
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c. Habitat—mostly marine; one and a half millions estima- 
ted to an ounce of sea-sand. 

d. A few fresh-water forms (ameda). 

e. Heliozoa—ftesh-water rhizopods, with pulsating vacuole ; 
one or more nuclei; a radiated shell-skeleton of silica sometimes 
present. 

jf. Radiolaria.—Marine rhizopods with a complicated sarcode 
body (central porous capsule and radial shell-skeleton of silica) ; 
swim on surface of ocean, can sink to deeper levels; in fossil 
state, form vast rock-formations (Sicily, Greece, Barbadoes). 

4. Class Infusoria.—Protozoa of definite form and provided 
with an external membrane bearing either flagella or cilia; a 
mouth usually present; anal opening, contractile vacuole, and 
nuclei. 7 | 

a. Divided into two orders according to the character of the 
locomotory organs, /lagellata and Cilata. 

6. Relation to unicellular plants (alge and fungi). Volvox. 

c. Such characteristic forms as the monads, noctiluca (night- 
lights), producing the ‘‘ phosphorescent sea’’ in large part; the 


‘* slipper animalcule’’ (Paramecium), ‘‘ bell-animalcule’’ ( Vortz- 


cella), and a vast number of other species. 


Metazoa. 


MANY-CELLED ANIMALS. 


Porifera=Sponves. 
Claus., Eng. Trans., I., p. 214. Packard, p. 42.) 


1. ‘‘Sarcode bodies destitute of a mouth and united into a 
compact mass, which is traversed by canals opening on the sur- 
face; almost always supported by a frame-work of horny fibres 
or of siliceous or calcareous spicule.’’ 

a. Two elements of structure—a soft, gelatinous, investing 
Jesh, and an internal supporting frame-work or skeleton. 

6. Sarcode bodies (sponge particles) may be regarded as 
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so many amcebee united into a mass, this mass traversed by a 
water-system of canals and abundantly supplied with apertures 
for the in-going and out-going of streams of water (inhalent 
pores and oscula or exhalent openings). 

¢. Sponge particles lining the water spaces are provided with 
cilia, which, vibrating, cause the water to flow onward. These 
ciliated chambers represent the alimentary system of the sponge. 

d. By fusion of a number of separate individuals, a sponge 
colony or stock is formed, e.g. commercial sponge. 

é. Reproduction—sexual and asexual. 

J. Study of fresh-water sponge (Spongilla). 

2. Classification—class Spongia; five orders— 

a. Gelatinous sponges—soft, without skeleton; form white 
encrustments on stones in North Sea, etc. 

6. Horny sponges—branched or massive stocks, frame-work 
of horny fibres with silex and sand present; dried skeletons 
of these sponge-colonies form the bathing-sponges of commerce 
(Luspongia). 

c. Coriaceous or leathery sponges—fresh-water. 

a. Glassy sponges—skeleton a firm lattice-work of silica 
spicules (Venus’s flower-basket). 

e. Calcareous sponges—skeleton of lime-carbonate. 

3. Majority of sponges, marine; remains occur in formations 
of Paleozoic, Mesozoic, and Cenozoic eras. 


Coelenterata=Zoophytes 


(Claus.., Eng. ‘aians:,.1., p, zo9.. Packard, p, £4.) 


1. Animals with a body composed of cells; of radiate sym- 
metry ; possessing a body-cavity which serves alike for circula- 
tion and digestion (gastrovascular space). 

a. Cells arranged in two definite layers: an outer one (ecto- 
derm), and an inner (endoderm), performing the life-functions, 
but not differentiated into organs. 

6. ‘*Ccoelenterate’’ means ‘‘ hollow bowel,’’ and the digestive 
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system is the leading feature of the group; body-cavity commu- 
nicates directly with the outside through a mouth. 

c. Three types of structure—the polyp, medusa, and cteno- 
phor. 7 

2. Three classes—Hydrozoa, Actinozoa, Ctenophora. 

3. Hydrozoa.—Hydroid polyps and Medusz (jelly-fish). 
Polyps with a simple gastrovascular cavity, without gullet (ceso-’ 
phageal tube). : 

a. Generative elements developed in medusoid ( jelly-fish) 
forms, either free-swimming or attached to hydroid colonies. 

é. Reproduce by ‘‘alternation of generations.’’ 
c. Colonial life—division of labor. 


d. Hard parts when developed are horny secretions of ecto- | 


derm. ree 
e. Three orders—(1) Hydroidea, Tubularian and Campanula- 
rian hydroids; (2) Discophora, Meduse or jelly-fish, usually of 
large size and not developed from hydroids; (3) Szphonophora, 
free-swimming polymorphic forms with nutritive, generative, 
and locomotive zooids (Portuguese man-of-war). 

f. Cnidoblasts or thread-cells developed in many forms give 
rise to the stinging sensation when touched ; significance. 

4. Actinozoa.—Coral polyps; sea-anemones. Polyps witha 
gullet or cesophageal tube ; lining of gastrovascular space.thrown 
into a series of folds (mesenteric folds); usually a solid calca- 
reous skeleton developed between ectoderm and endoderm ; gen- 
erative elements developed internally between the mesenteric 
folds. 7 

a. Structure of a simple polyp (sea-anemone). 

4. Colonial life—coral formations. 

c. Reef-building corals and their work; conditions of life, 
etc. 

d. ‘Two orders.—(1) Zoantharia, mesenteries and tentacles in 
multiples of six, as a rule; corallum with calcareous septa, 
includes Astrea, Madrepora, Actinia. (2) Alcyonaria—mesen- 
teries and tentacles, eight; corallum horny; includes the sea- 
feathers, sea-fans, etc., and the ‘‘ red coral’’ of commerce. 

5. Ctenophora—(comb-bearers). Medusz of spherical_or 
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cylindrical shape, with eight rows of plates set with cilia; ceso- 
phageal tube and a gastrovascular canal system; two lateral 
tentacles, which can be retracted into pouches, are often 
present. 

a. Nervous system and sense organs are present. 

6. Hermaphrodite. 

¢. Ctenophora abound in warm seas, often floating in great 
numbers on the surface. Size small, but sometimes a foot or 
more. : 

6. Fossil hydroids (Grapfolites) characterize rocks of the 
Silurian age. Peculiar palezeozoic corals; ancient coral reefs. 

a. Coelenterates, being low in the scale, are among the most 
ancient of animals. © 


Echinodermata. 


STAR-FISHES, SEA-URCHINS, AND SEA-CUCUMBERS. 


(Claus. Eng. Trans., I., p. 266: Packard, p. 96.) 


1. Animals with a radial, usually five-formed, arrangement ; 
possessing askin bearing spicules and hardened by lime deposit ; 
a digestive canal, a water-vascular apparatus, and a true vascular 

system. Sexes separate. | 

2. Study of the star-fish as a type. 

The word #chinoderm means ‘‘ bikdecles skin.’ 
Classification—four classes— 
Crinoidea—stone-lilies. | 
Asteroidea—star-fishes, sea-snakes. 
Echinoidea—sea-urchins. 

@. Holothuroidea—sea-cucumbers. 

4. Crinoidea—very few forms living to-day; abundant fossil 
remains in palzeozoic rocks. 

a. Description of a crinoid. | 

5. Asteroidea—two orders— 

a. Ophuridea—sea-snakes have round arms or rays starting 
suddenly from a small central disk or body. 
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b. Asteridea—star-fishes, star-like body, the arms being — 


gradual extensions of the disk. 


6. Echinoidea—spherical, heart-shaped, or disk-like, with 


solid shell of immovable plates bearing spines; mouth and anal 
opening, mouth with five teeth. ‘T'wo orders— 

a. Palechinida—shell composed of more than twenty rows of 
plates. 

b. Autechinida—shell composed of twenty rows of plates. 

c. Distribution and habits; economic use. 

7. Holothuroidea.—Elongated, worm-like, with leathery skin 
and contractile tentacles surrounding the mouth. 

a. Strong tendency toward bilateral symmetry ; approaching 
the worms. : 

6. Distribution and habits; economic use. 

c. Two orders—(1) Afoda, no ambulacral feet; (2) Pedata, 
ambulacral feet and respiratory tree. | 

8. Echinoderms show an ascending series in the palaeozoic 
rocks. | : 


Vermes—Worms. 
(Claus., Eng. Trans., 1., p. 303. Packard, 9) see 


1. Bilateral animals, with body either segmented or unseg- 
mented ; no segmented lateral appendages; a dermal muscular 
system and excretory canals in pairs. | 

a. An upper (dorsal), and an under (ventral), surface can 
always be distinguished. } 

4. Animal moves on ventral surface, and on it the mouth is 
situated. | 

c. Body soft, adapted to moist surroundings. 

ad. Organization of a worm; structure in relation‘to environ- 
ment—free-living and parasitic forms compared. 

2. Classification—nine classes— 

‘a. Platyhelminthes—flat worms, tape-worms, fluke-worms, etc. 

6. Nematelminthes—round, thread-worms. 

¢. Rotatoria—rotifers. 
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@. Polyzoa—moss-animals. _ 
_ é. Brachiopoda—lamp-shells. 

jf. Nemertina—Nemertean worms. 

g. Enteropneusta—acorn-tongue worms. 

h. Gephyrea—star-worms. 

z. Annulata—leeches, earth-worms, and sea-worms. 

3. The several classes broken up into numerous orders. 
Great variety of forms; group heterogeneous, at present pro- 
visional. 3 

4. Studies in each class— 

a. Life-histories of liver-fluke, tape worm, trichina, leech, 
earth-worm, etc. oe 

5. Abundant remains and tracks of worms in the paleeozoic 
series. 


: Mollusca. 
Peus., ene. Irans., I, p.9. Packard, p. 220.) 


1. Bilateral unsegmented animals with well-developed nervous 
system (brain, nerve-rings, and ganglia); without a locomotory 
skeleton; with a ventral foot, and generally. provided with a 
univalve or bivalve shell of lime carbonate. 

2. Mollusca form a highly specialized group representing a 
divergent line of development from the worms. ) 

a. This is borne out by their appearance in geological time 
after the brachiopods or shelled worms (upper or later Silurian). 

6. About 20,000 living and 19,000 fossil species known. 

c. Great abundance of species and individuals also indicates a 

comparatively late specialization from the Silurian worms. 
| @d. Three classes— 

3. Lamellibranchiata—oyster, clam, mussel, scallop, etc. 
Shell composed of two valves or pieces, lined with a ‘‘ mantle.”’ 
Foot small. Two pairs of large lamellate and leaf-like gills on 
each side of body. Presence or absence of a siphon for the con- 
veyance of water splits the class into two orders— 

a. Asiphonata—oyster, scallop, mussel, etc. 
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b. Siphonata—ciam, ship-worm, cockle, etc. 

c. The embryo lamellibranch passes through a_ so-called 
morula, gastrula, and veliger condition. 

ad. Theship-worm ( Z7eredo) attacks the hulls of ships and piling © 
of wharves. Siphons are long and tipped with two hard shelly 
styles. Other forms burrow in rock or mud. 

e. Pearls are produced by the irritation of grains of sand, 
around which is formed a hard shell-like deposit. 

4. Cephalophora—snails, whelks, etc. Head distinct, with 
tentacles, eyes, and ears. Foot a creeping disk. Shell, when 
present, spiral, and the body of the animal within imperfectly 
bilateral. Lingual ribbon (odontophore) and teeth. Gill single. 
Some forms (land-snails) air-breathing. Several stages of 
development in aquatic forms; direct development in land- 
snails, Four sub-classes based on the characters of the foot— 

a. ‘Scaphodafoot long and tri-lobed, shell long, conical, 
open at each end—tooth snail (Dentalium) ; habitat, ocean, ten 
to forty, fathoms deep, off coast. 

db. Pteropoda— winged snails; foot with large wing-like 
- appendages for swimming; species hermaphroditic. Ptero- 
pods represent a more or less generalized type of wide distri- 
bution and high antiquity. 

c. Gasteropoda—slugs, sea-slugs, limpets, whole and snails. 
Distinct head bearing horns or tentacles, with eyes either at 
bases or ends. Foot modified into a broad creeping disk. 
Some forms, like slugs, are naked. Economic use—for money, 
ornaments, etc.; from Murex and Purpura, the famous 
‘<Tyrian dye’’ is obtained. Land-snails first appeared in the 
Carboniferous. Over 22,000 species of cephalophora known, 
7,000 of which are fossil. 

@d. LHeteropoda—foot with a keel-like fin; the animal swims 
on its back upon surface of ocean with foot upward. Body more 
or less transparent ; ,exclusively marine ; widely distributed. 

5. Cephalopoda—cuttle fishes, squids, octopus, nautilus, etc. 
Head-lobe developed into arms (tentacles), usually provided with 
suckers. The most highly organized of invertebrate eyes; 
nervous ganglia concentrated and protected by a capsule of 
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imperfect cartilage. Throat armed with two parrot-bill-like 
teeth; odontophore. Sexes separate. Direct development 
without metamorphosis. ‘Two orders, based on the gill charac- 
ters — 

a. Tetrabranchiata—four gills. ‘The Nautilus the only living 
representative. Fossil forms—Orthoceras, Goniatites, Ammo- 
nites. 

6b. Dibranchiata—two gills. Squid, cuttle-fish, sepia, argo- 
naut, etc. Belemnites extinct. Mouth supported by a horny 
pen (in Sepia of Mediterranean, this is a thick calcareous struct- 
ure called ‘‘ cuttle-fish bone’’). The ‘‘ink-bag’’ connected 
with the intestine secretes a dense pigment, the ‘‘sepia’’ from 
which a drawing-fluid is made from certain species. 

Cephalopods are widely distributed and of high antiquity 
(lower Silurian). 
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Arthropoda. - 
CRUSTACEA AND INSECTS. 


(Claus., Ing. Trans.,'I., p. 405. Packard, p. 265.) 


1. Laterally symmetrical animals with segmented body, the 
segments differing from each other; jointed segmental append- 
ages. Brain and ventral nerve-cord present. 

2. The jointed segmental appendages serving as locomotory 
organs are characteristic. 

a. Compare with the worms (unjointed parapodia of annelids). 

d. A variety of movements results from the high development 
of locomotory apparatus—flying, swimming, running, climbing, 
and springing. . 

c. Parallel with this development of limbs is a more or less 
highly specialized ‘muscular system, a functional and structural 


difference of the segments and the hardening and rigidity of 


external parts. 

d. In general, three regions of body can be distinguished— 
head, thorax, and abdomen ; characters of each. 

e. Internal structure, more or less specialized. 
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jf. Reproduction and development. 
g. Study of lobster or cray-fish and grasshopper as types. 

3. Classification.—Primarily divisible into two great groups 
according to their mode of life—aguwate and air-breathing 
Arthropoda. Aquatic forms (Branchiata) are lower and older 
than the air-breathing forms ( Zracheafa). In these two groups, 
six classes are recognized— 

Crustacea—lobsters, shrimps, water-fleas, etc. 
Podostomata—king-crab, trilobites. 
Malacopoda—Peripatus.. 
Myriopoda—centipedes, thousand-legs. 
Arachnida—spiders and scorpions. 


Insecta—insects. 
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Aquatic Arthropoda. 


4. Crustacea.—Aquatic arthropoda breathing by means of 
gills (branchiz). They have two pairs of antenne ; numerous 
paired legs on the thorax and usually also on the abdomen. 

(1) Name derived from the hard covering of the body. 

(2) Some forms live on land and are adapted to air-breathing. 

(3) An important character of the group is the great number 
of paired appendages. 

(4) Head and thorax fuse together, as a rule, forming a- 
ctphalo-thorax. : 

(5) Great diversity of form exists among the appendages ; 
antenne usually function as sense organs; mandibles or jaws 
developed on the head for masticating purposes. : 

(6) Morphology of the appendages—maxillipedes, chele, 
palpi, ambulatory limbs, swimmerets, etc. 

(7) Internal organization varied in relation to the more or 
less complex life of the animal. 

(8) With few exceptions, sexes are separate. 

(9) Development either direct or by a metamorphosis. 

(10) The eggs are frequently carried on the appendages of the 
female. 

(11) All crustacea are carnivorous; some are parasitic. 

(12) Six orders— 
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a. Cirripedia—barnacles. Parasitic, attached forms; retro- 
graded. Young hatched in a so-called xauflius state. 

6. Lntomostraca.—Water-fleas ( Copepoda), fresh-water Cyclops, 
and parasitic forms from the gills, throat, and skin of fishes. 
Young a nauplius. . 

¢. Branchiopoda.—Leaf-like thoracic feet; varying number 
of body segments. Young usually a nauplius.. Phyl/opoda ; 
Ostracoda (Cypris) ; Cladocerca (Daphne). ? 

a. Ldriopthalma.—No cephalothorax, thoracic segments dis- 
tinct. Sow-bugs, pill-bugs, water and fish lice (/sofoda) ; sand- 

fleas, sand-hoppers, or beach-fleas (Amphipoda). 
 e. Phyllocarida—Nebalia ; no metamorphosis; a connecting 
type. 

J. Lhoracostraca—well-marked cephalothorax ; abdomen often 
bent beneath it; gills attached to the maxillipedes and legs; 
development by metamorphosis; young called a z@a. Sand- 
bug (/i7fpa) ; squill (Stomapoda) ; lobster, prawn, shrimp, cray- 
fish, and the various species of crabs (Decapoda). 

5. Podostomata.—Appendages of cephalothorax in the form 
of legs, spiny at base; no antenne; brain sending nerves only 
to the eyes; nervous system highly peculiar and characteristic ; 
a slight metamorphosis ; separate sexes. Two orders— 

a. Merostomata.—Horse-shoe or king-crab (Limulus). No 
distinct thoracic segments and appendages. 

b. Trilobita—the extinct trilobites (palzozoic). Thoracic 
segments and jointed appendages numerous. 


Air-breathing Arthropoda. 


Body divided into three distinct regions—head, thorax, and 
abdomen, each one of these being subdivided into a number of 
segments. Respiratory organs consisting of a series of internal 
air-tubes (trachez), which open through breathing-holes 
(spiracles) in the sides of the body. 

(1) Relation to vegetation. 

(2) Number of known species, about 200,000. 

(3) Distribution in time and space. | 
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6. Malacopoda—represented by the single Peripatus, a pecul- 
iar tropical form. 

7. Myriopoda—centipedes and thousand-legs. Body cylin- 
drical ; abdominal segments numerous, similar to the thoracic 
segments, and each provided with a pair of feet. Internal 
structure simple, resembling the larval form of insects. Some 
forms have as many as 200 segments. Some forms exceedingly 
poisonous. ‘Three orders are recognized. 

8. Arachnida—spiders and scorpion, Body divided into 
two regions, head-thorax and abdomen. Antenne wanting ; 
metamorphosis wanting in most cases, incompletely present in 
the mites. Six orders— 

a. Marine forms (Pycnogonida). 

6. Bear animalcules ( Zardigrada). 

c. Worm-like forms parasitic in the lung and liver of man, 
horse, and sheep. 

d. The mites, degenerate forms; ticks; cattle-tick ; cheese 
and sugar mite, leaf-mite, etc. (4carina). 

e. The scorpions (Arthrogastra). 

J. The spiders (Aranezna). 

g. Insecta—insects. Three regions of the body well defined ; 
eyes both simple and compound ; usually two pairs of wings on 
thorax; three pairs of jointed thoracic limbs; a pair of jointed 
abdominal limbs often present ; ovipositor or sting representing 
morphologically abdominal limbs. Sixteen orders— 

a. Thysanura—spring-tails, bristle-tails—wingless ; related to 
the lower myriopods. Campodea, a typical form, probably 
represents the ancestral form of all six-footed insects, similar 
forms being most likely the earliest insects in time. In the 
spring-tail (Podura) and in Smynthurus, the abdominal appendage 
is forked, held in place by a hook, its release throwing the insect 
into the air. 


6. Dermaptera—ear-wigs. Body flat, ending in forceps; 


fore-wings small. 
¢. Orthoptera—grasshoppers, locusts, crickets, and katydids ; 
incomplete metamorphosis ; large ovipositor. Shrill sexual calls 


produced by rubbing wings, wing-covers, and legs together in 
three different ways. 
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ad. Platyptera—bird-lice, white ants. (Zermites.) White 
ants live in large colonies in tropical forests, raising large and 
characteristic mounds over stumps and fallen trees. 

é. Odonata—dragon-flies; larva aquatic; large net-veined 
wings; characteristic thorax. 

j. LPlectoptera—May-flies ; hind-wings small, sometimes want- 
ing; mouth-parts rudimentary; three long filaments behind ; 
larva aquatic; gills on sides of body posteriorly. 

g. TLhysanoptera—TVhrips. 

h. LHemiptera—bugs, lice, etc.; squash-bug, chinch-bug; 
cicada, froth-insect, cochineal insect, plant-louse, etc. ; incom- 
plete metamorphosis; larva like adult, excepting absence of 
wings; many secrete disagreeable fluids from thoracic glands. 
Seventeen-year locust (Cicada) lives in larval state over sixteen 
years. Lice are wingless, parasitic forms. Dried bodies of 
female cochineal insect of Central America used for making a 
dye-stuff. Plant-lice (4phzs) secrete honey-dew from two tubes 
on hinder end of body, which is eagerly sought by bees and 
wasps ; reproduce in summer asexually ( parthenogenesis). 

The following orders have a complete metamorphosis— 

t. Neuroptera—net-veined winged insects with complete meta- 
morphosis, : 

J. Mecaptera—scorpion-flies. 

k. Trichoptera—caddis-flies ; larva cylindrical, called ‘‘ case- 
worms,’’ from the curious tubes or cases of grains of sand and 
tiny pebbles which they form around their bodies. 

l. Coleoptera—beetles ; a well-marked and homogeneous group, 
characterized by the fore-wings being hard and thick, not used 
in flight, but protecting the hinder or flight wings ; mouth-parts 
adapted for biting; larva is called a ‘‘ grub.’’ Some forms are 
phosphorescent, as fire-flies and glow-worms. 

m. Siphonaptera—fleas; wingless and with mouth-parts 
adapted for sucking. 

n. Diptera—flies; two wings; tongue adapted for lapping up 
liquids. Common house-fly the type. Larva called a ‘‘ maggot.”’ 
Tachina-fly. Bot-fly of horse and sheep; larval form lives in 
stomach of horse and frontal sinus of sheep. Syrphus-fly mimics 
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wasps, feeding on aphides while in larval state. Hessian-fly ; 
crane-fly ; mosquito, aquatic larva. 

. 0. Lepidoptera—butterflies and moths; scaly bodies; tongue 
coiled; larva a caterpillar, which spins a cocoon and passes a 
greater or less length of time in a torpid state (pupa); adult 
(¢mago) represents the perfect sexual animal, and after repro- 
duction soon dies; caterpillar provided with cutting mouth- 
parts; perfect form with a sucking proboscis. Butterflies diur- 
nal, moths nocturnal; canker-worm, grass and cotton army- 
worms very destructive to vegetation; silk-worm; hawk-moths, 
etc. 

p. fHymenoptera—saw-flies, gall-flies, ichneumon-flies, ants, 
sand-wasps, mud-wasps, paper-making wasps and bees; wings 
clear, sparsely veined ; mouth formed for a variety of purposes— 
biting, lapping up liquids, etc.; thorax characteristic in the 
higher families. 


Vertebrata. 


BACKBONED ANIMALS. 


(Claus., Eng. Trans., II., p. 109. Packard, p. 369.) 


1. Bilateral animals with an internal skeleton (vertebral col- 
umn), the upper or dorsal arches of which enclose the nerve- 
centres (brain and spinal cord), while ventral arches (ribs) 
enclose a larger trunk cavity in which the vegetative organs 
(viscera) are enclosed. ‘There are at most two pairs of limbs. 

2. Vertebral column is distinctive, but the essential character- 
istics of the group are more dependent upon a combination of 
characters resulting from the general position of the organs in 
relation to each other, and their development. 

3. Vertebrate and invertebrate compared. 

4. Vertebrate skeleton, its parts. 

a. Axial skeleton—(1) a vertebral segment (vertebra), its 
parts; (2) ribs; sternum or ‘‘breast-bone’’; (3) column 
divided into several regions—cervical, dorsal, lumbar, sacral, 
caudal. 
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6. Skull, two portions—cranial (brain-case) and facial (face). 
Segments. 

c. Appendages (limbs); diversity of function—legs, wings, 
and fins. Similar arrangement of parts in fore and hind limbs. 
(1) Shoulder girdle and fore-limbs ; (2) pelvic girdle and hind- 
limbs. 

5. Exoskeleton—integument (skin), two layers—derm (cutis) 
and epiderm. Structure—papille, teeth hair, horn, feathers, 
plates, and scales. (Armor of armadillo and carapace of turtle 
are ossified derial papillae.) Pigment layer (colorcells). Skin 
movements effected by muscles. 

6. Nervous system.—Central portion includes brain and spinal 
cord ; structure of each; functions; relations to each other in 
the several classes. 

a. Cranial and spinal nerves. 

6. Sense organs—olfactory (nasal), optic (eye), auditory (ear), 
gustatory (taste), and touch—all specialized nerve-ends for 
definite purposes. 

c. Sympathetic system. 

7. Digestive canal, ventral to the axis; visceral arches; great 
length of digestive tract; peritoneum and mesentery; mouth 
and anal openings. ! 

a. Parts or regions—(1) mouth, gullet, and stomach (fore- 
gut); (2) coiled small intestine (mid-gut) ; (3) large intestine, 
rectum (hind-gut). Characters of each. 

6. Glandular structures—liver, pancreas, salivary, gastric, and 
intestinal glands. 

8. Respiratory organs—lungs or gills always present, may 
co-exist in some forms. (1). sicko te (2) vocal organs 
* (larynx, syrinx). 

g. Organs of ew iation.blooa, its character (corpuscles) ; 
heart and great vessels ; course of the blood in the vessels. 

a. Lymphatic system—spleen ; glands (thyroid, thymus, etc. ). 

10. Organs of excretion—kidneys, ducts, bladder, cloaca. 
Wolffian bodies. 

11. Reproductive organs—sexual reproduction ; (1) male 
organs; (2) female organs. | 


« 
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12. Development—characters of embryo; egg (ovum); yelk 
and blastoderm; characteristic membranes (amnion and allan- 


tois). 


13. Classification.—Huxley divides the group into three prov- — 


inces—J/cthyopsida (fishes and batrachians), Sauropsida (reptiles 
and birds), and Mammala. The Tunicata are now admitted as 
the lowest class of vertebrates, and, including it, eight classes are 
recognized—the lancelet, lampreys, fishes, batrachians, reptiles, 
birds, and mammals. The two latter are often spoken of as 
‘warm-blooded ’’ vertebrates, maintaining a given temperature 
of body through all external changes, in contradistinction to 
the ‘‘cold-blooded”’ fishes, reptiles, etc., in which the bodily 
heat changes with the surrounding temperature. 

14, TUNICATA—ASCIDIANS; SEA-SQUIRTS. Animals 
with a sac-like or barrel-shaped bilateral body, showing dorsal 
and ventral symmetry; protected by dense or transparent test, 
lined within by a tunic surrounding body-cavity. Two open- 
ings in test—oral and cloacal. Mouth leading into respiratory 
sac. Digestive tract more or less specialized. Nervous system 
_ bilateral. Heart tubular, open at each end ; reversible pulsations. 
Usually hermaphroditic or asexual. 

a. Formerly regarded as invertebrates and classed with or near 
the mollusca. Study of larval forms reveals the presence of a 
notochord (primitive backbone) lying beneath central nerve- 
cord. ‘This disappears in the adult, but its appearance in young 
indicates a close relation with vertebrata and entitles the animals 
to a position at the beginning of the vertebrate series. 

6. Probably represents the primitive condition of all verte- 
brates in the ascending series of developmental forms. 

c. Two orders—(1) Ascidiacea, Appendicularia, etc.; sac-like 
body; sessile or stalked; minute individuals, simple or com- 
pound, growing in a common mass; mouth and anal openings 
contiguous; more or less complete metamorphosis. (2) Zhad- 
acea,; barrel-shaped body; free-swimming, with thick trans- 
parent test; circular muscular bands; respiratory sac opening 


widely ; reproducing by ‘‘alternation of generations.’’ Study 
of Salpa. 
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I5. LEPTOCARDII—THE LANCELET OR AMPHIOXOUS ; 
no paired fins; notochord present; no skeleton; no heart ; blood 
colorless; no skull-case. A single species found on sandy coasts 
of North Sea, Mediterranean, and South America. Pallas took 
it for a ‘‘slug.’’ : 

16. MARSIPOBRANCHII—LAMPREYS — Cyclostomi (‘‘ cir- 
cle-mouth’’); worm-like fishes, without paired fins; skeleton of 
cartilage ; notochord persistent; six or seven pairs of pouch- 
like gills; suctorial mouth without jaws; olfactory pit single ; 
skin without scales; heart present. 

a. Habitat—the ocean, ascending rivers to spawn and laying 
eggs in holes in the river-bed ; parasitic on salmon and shad ; 
feeds on worms, etc. 

b. Two families—(1) hags, parasitic ; (2) lampreys or ‘‘ nine- 
eyes,’ follows the shad up rivers in the spring. 

17. PISCES=FISHES; aquatic animals with a covering of 
scales; paired and unpaired fins; breathing by means of gills; 
cold-blooded, with a simple two-chambered heart. 

(1) Entire organization adapted to an aquatic life; form of 
body, movements, etc. 

(2) Fins, paired and unpaired ; fin rays. 

(3) Tail, two forms, homocercal and heterocercal. 

(4) Integument, scales—varieties, cycloid, ctenoid, ganoid, 
and placoid. 

(5) Lateral line—pores leading into a canal, sensory nerve- 
ends. 

(6) Lowly organized nervous system; eye quite flat; no 
external ear; simple olfactory pit; taste poorly developed ; 
electrical organs, the torpedo, etc. 

(7) Digestive organs—swim-bladder. 

(8) Respiratory organs—gills (branchiz). 

(9) Genito-urinary organs. 

(10) Development — oviparous, rarely viviparous (some 
sharks) ; embryo leaves the egg early, with remains of yelk-sac 
attached. 3 

(11) Habitat—mostly in the sea, increase toward equator ; 
fresh-water fishes ; blind fishes of caves; vitality on land in rela- 


tion to gill-slits. 
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(12) Classification—three sub-classes, fourteen orders— 

a. Elasmobranchiti—sharks and rays. Fishes with skeleton 
of cartilage; large fins; transverse mouth-opening on under — 
surface of snout; asa rule, five gill-pouches opening by slits on 
side of head. Skin, placoid scales (‘‘shagreen,’’ representing 
primitive teeth). Character of teeth. Blow-hole (spiracle). 
Spiral valve in intestine; no air-bladder. Brain and sense- 
organs comparatively highly developed; optic nerves cross. 
Two orders—Plagiastomi, true sharks, dog-fishes, rays, saw-fish, 
etc.; /Tolocephalt, sea-cats (Chimera). 

6. Ganoidei—ganoid and lung-fishes; cartilaginous skeleton 
tending toward ossification; skin with bony plates and large 
enameled scales. Spiral valve in intestine. Gill-cover (oper- 
culum). Swim-bladder present Optic nerves cross and exchange 
some fibres. Richly represented in former periods of earth’s 
history, only a few living to-day. Four orders—the sturgeons 
( Chondroganoidet); the lung-fishes (Dipnoz and Branchioganotdet), 
in which the swim-bladder functions as a lung ; the garpikes and 
mud-fishes ([Zyoganoidet ). 

c. Teleostei—bony fishes; fishes with bony skeleton ; true gills 
and gill-covers. Comprising the greatest number of all living 
fishes. ‘They represent a special line of development or side 
branch in the ascending series. Eight orders, comprising a 
great variety of families, genera, and species. Distinguishing 
characters—absence of sfivacle and spiral valve; great vessel 
from heart is thick, forming a muscular bulb; optic nerves cross 
but do not interlace; scales small, flat, and roundish, skin rarely 
naked ; gill-arches. The following are some of the best-known 
forms, in the eight ascending orders—(1) Ofisthomi; (2) eels; 
(3) siluroid fishes, cat-fish, pouts, etc.; (4) Scyphophori, peculiar 
African forms; (5) the common types of fishes—salmon, shad, 
cod, herring, mackerel, darters, percoid fishes, minnows, etc. 
(Teleocephal); (6) goose-fish or angler; (7) tufted-gill fishes, 
sea-horse ; pipe-fish; (8) trunk-fish, file-fish, puffers, and sun- 
fish. 

Shark-like and ganoid fishes were the earliest (upper Silurian 
and Devonian). Teleosts first appeared in Jurassic. 
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18. BATRACHIA=AMPHIBIA (frogs, toads, and salaman- 
ders). Cold-blooded, amphibious vertebrates breathing by means 
of gills and lungs; skin of living forms naked ; possessing true 
limbs; skull with two occipital condyles ; siemadas incom- 
pletely double; reproduction usually oviparous; development 
by metamorphosis. 

(1) Batrachian structure anticipated in the dipnoan and 
ganoid fishes (lung-like nature of air-bladder, external gills of 
young, and formation of skull). 

(2) Six orders— 

a. Lrachystomata—the sirens; long eel-like body and per- 
sistent gills; no pelvis or hind-limbs; tore-limbs weak. 

b. Proterda~- Proteus of Austrian caves; mud-puppy of 
United States—bushy gills, gill openings; teeth well developed. 

«. Orodela—tailed batrachians (salamanders); larval forms 
have gills which disappear in adult; long fish-like body, fin- 
.-like expansion on tail ; four legs; one or two species viviparous. 
(1) includes triton or water-newt, Congo snake, gigantic sala-_ 
mander of Japan, ‘‘hell-bender’’ of Mississippi valley; (2) 
axolotl or siredon, a larval form of salamander larger than adult 
—significance of this in relation to ancestral forms; (3) capa- 
bility of reproducing lost or mutilated parts. 

ad. Gymnophiona— biind snakes; several species— South 
America, Ceylon, Java; a Surinam form is viviparous. 

e. Stegocephala—extinct batrachians; three sub-orders ; body 
covered with hard plates; closely related to ganoid fishes, point- 
ing to the origin of batrachians from that stock. Archego- 
saurus, etc. Labyrinthodonts of the Carboniferous period, with 
characteristic tooth structure, anticipating in several characters 
the reptiles which appeared first in the succeeding age (Permian). 
- Some forms colossal in size. 

f. Anura—tailless batrachians (frogs and toads); limbs and 
form of body adapted for leaping ; lower jaw, as a rule, tooth- 
less; larva called a ‘‘tadpole.’’ (1) widely distributed ; 
habits, form, and structure varying under different surrounding 
conditions (direct development of a tree-toad from Gaudaloupe, 
owing to absence of marshes; Martinique tree-toad carries 
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young on its back, etc.); (2) tadpoles of toads and frogs are 
vegetable feeders, adult forms insectivorous; (3) characteristic 
trilling and croaking notes of frogs and toads at breeding- 
season; (4) disposition of eggs, protective coloring, etc. 

19. REPTILIA (lizards, snakes, turtles, and crocodiles).— 
Cold-blooded animals, with a covering of scales or plates ; 
breathing exclusively by lungs; heart with two ventricles incom- 
pletely separated ; characteristic embryonic membranes present 
(amnion and allantois). (1) type of structure anticipated in 
batrachians; (2) reptiles attained maximum development in 
Mesozoic era—living forms merely survivors of the once domi- 
nant group; (3) fossil forms show a close relationship to birds, 
the latter being undoubtedly a specialized off-shoot of the 
original reptiloid stock in the ascending series (Sauropsida) ; 
(4) study of fossil forms and embryonic characters teaches us 
the intimate relation of all animal types to one another, indicat- 
ing their common origin from a few generalized ancestral forms ; 
(5) reptiles widely distributed, but attain greatest development 
in tropics; (6) usually absent from oceanic islands; (7) 
hibernate in cool climates; ‘‘summer sleep’’ of tropical forms 
in dry season ; (8) about 3,000 living species known; 358 North 
American ; between 300 and 4oo fossil forms described ; eleven 
orders (six extinct). 

a. Ophidia (serpents),—Snakes are a degenerate form of 
reptile, having lost the limbs; shoulder-girdle wanting in all 
cases ; some forms show trace of pelvis and hind-limbs; body 
long, cylindrical; characteristic gliding motion due to move- 
ments of large ventral scales; bones of skull firmly united, jaw 
freely movable, teeth in grooves developed on roof of mouth, 
throat as well as jaws short, conical, and recurved, used for hold- 
ing prey, not crushing and tearing; insectivorous and carniv- 
orous; want of symmetry in internal organization; some forms 
viviparous (vipers), some ovoviviparous, majority oviparous. 
(1) shedding of skin (ecdyszs); (2) protective coloring, some 
species have acquired aquatic habits; (3) constricting powers 
(Boa) ; (4) poisonous snakes (lowest in series) may be recognized 
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species—rattlesnake, copperhead, moccasin, bead-snake (Z/afs) ; 
Eastern hemisphere, viper, puff-adder, fer-de-lance, asps or 
hooded snakes ; cobra of India (several thousand deaths yearly 
from its bite); (5) snakes are a modern type of reptile; first 
appeared in Eocene ‘Tertiary. 

b. Pythonomorpha—extinct snake-like forms; aquatic, limbs 
paddle-shaped (Josasaurus). 

c. Lacertiha (lizards).\—Four limbs generally developed ; 
mouth not dilatable; taillong. (1) living forms small compared 
with extinct forms, which were often of colossal size ; (2) lizards 
are a generalized type of Permian and Mesozoic times related to 
fishes, batrachians, and birds; (3) living forms active and often 
highly colored; protective coloring sometimes voluntary (cha- 
meleon, Avzolis) ; (4) insectivorous and plant-feeders ; (5) ovipa- 
rous, as a rule; (6) 700 or 800 living species, mostly tropical ; 
(7) some forms are the glass-snake (a low limbless form) ; 
horned toads of Western United States; common lizard of 
Middle and Southern United States ; iguana of West Indies and 
Central America ; sea-lizard of Galapagos Islands ; Gila monster, 
a large form from Mexico and South-western United States ; 
monitor (Varanus), tropical rivers, 5 or 6 feet. 

ad. Chelonia (turtles).—Body encased in a shell, developed 
from the skin and fused with parts of internal skeleton, into 
which head and limbs can be withdrawn; toothless, jaws horny 
sheathed. (1) land species can completely withdraw themselves 
into shell; aquatic forms do not need this protection to such 
an extent, and shells are less developed ; (2) marine forms are 
lowest, feet webbed—great sea-turtle (Sphargis), 800 to 1200 
pounds; ‘‘logger-head’’; hawk-bill, from which ‘‘ tortoise-shell”’ 
is obtained ; green, soft-shelled, snapping turtle, etc.; (3) marsh 
turtles or terrapins (Pseudemys) ; gigantic land tortoises occur 
on the Galapagos, Mascarine, and Aldabra Islands; (4) fossil 
forms often very large; first appeared in the Jurassic. 

e. Rhynchocephalia.—A single living species, the rare Hatteria 
of New Zealand—a lizard-like form of simple structure, related 
to fossil forms of the same order (Triassic). 

J. Icthyopterygia—entirely extinct ; type /cthyosaurus, a colos- 
sal marine form of the Jurassic; several species. 
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g. Theromorpha —beast-like reptiles (extinct), with dentition 
resembling mammals. 

h. Sauropterygia—extinct ; type Plestosaurus ; doa with | 
long neck and paddle-like feet (Jurassic and Cretaceous). 

2. Crocodifa (crocodile, caiman, gavial, and alligator).— 
Most highly developed reptiles; four-chambered heart; bird- 
like brain ; teeth in sockets; skin with horny epidermal scales ; 
feet partly webbed ; oviparous. (1) first appeared in Jurassic ; 
(2) tropical habitat; gavials Oriental region and Australia ; 
alligator Southern United States; caiman South American 
rivers; crocodile of African rivers; a rare species occurs in 
Florida. 

j. Dinosauria—extinct; bird-like character of pelvis and 
hind-limbs, walked instead of crawled; some of gigantic size 
(Leuanodon, Atlantosaurus, Hadrosaurus, etc.). The so-called 
‘*bird-tracks’’ in the triassic sandstone of Connecticut valtey 
are undoubtedly foot-prints of dinosaurians. 

k. Pterosauria—flying reptiles (extinct); type, Pterodactyl ; 
bird-like characters, large fore-limbs, bat-like wings, hollow 
bones and air-cells; some forms toothed, others toothless and 
beaked ; contemporaneous with dinosaurs (Triassic, Jurassic, and 
Cretaceous). 

20. AVES=BIRDS.—Warm-blooded oviparous animals, with 
a covering of feathers; four-chambered heart; single occipital 
condyle; fore-limbs developed as wings; ankle-joint between 
two rows of foot-bones, not between leg and foot—highly charac- 
teristic. (1) the egg, its character; (2) flight the great factor in 
the bird’s life; entire organization in accordance with it, hollow 
bones containing air, air-spaces (pneumaticity) ; (3) jaws horny- 
sheathed (beak), toothless; (4) reptilian affinities (a 
Reptitia and Aves). Four sub-classes— 

a. Saurure. — Archeopteryx, extinct Jurassic form; long 
vertebral tail; reptilian head and fore-limbs; teeth, scales, and 
feathers. 

b. Odontornithes (Icthyornis and Hesperornis).—Extinct forms 
with teeth in grooves or in sockets; slender jaws; wings well 
developed; sternum keeled or unkeeled; metacarpal bones 
used ; vertebrz either saddle-shaped or biconcave. 
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c. &atte (ostrich, rhea, emeu, cassowary, and apteryx, 
living; the gigantic moas of New Zealand and the A pyornis of 
Madagascar, extinct quarternary forms). Sternum flat and 
smooth ; rudimentary wings; toes, 2, 3, or 4. 

ad. Carinate (recent birds).—Sternum keeled; wings well 
developed; organization in relation to flight. Comprises all 
the living birds except ostriches and their allies. A compact 
and highly specialized group comprising sixteen orders— 

(1) Pygopodes— diving birds: penguins, grebes, loons, 
puffins, auks, guillemots. 

(2) Longipennes—long-winged swimmers: gulls and terns. 

(3) Zudbinaries—tube-nosed swimmers: albatross, petrels, and 
shearwaters. 

(4) Steganopodes—totipalmate or full-webbed birds: gannets, 
snake-birds, cormorants, pelicans, and frigates. 

(5) Anseres—ducks, geese, and swans. 

(6) Herodiones—ibises, herons, storks, etc. 

(7) Plaudicole—cranes, rails, etc. 

(8) Lzmicole—shore-birds, the great plover-snipe group. 

(9) Galine—gallinaceous birds: grouse, partridges, pheas- 
ants, fowls, etc. 

(10) Columbe—doves and pigeons. 

(11) Raptores—birds of prey: eagles, hawks, vultures, and 
owls. 

(12) Psittact—parrots. 

(13) Coceyges—cuckoo-like birds: cuckoos, kingfishers, 
hornbills, toucans, trogons, etc. 

(14) Pici—woodpeckers. 

(15) Macrochires—swifts, goat-suckers, and humming- birds. 

(16) Passeres—perching birds; the most highly organized of 
all birds, comprising such well-known families as the thrushes, 
wrens, titmice, wagtails, warblers, shrikes, swallows, tanagers, 
finches, starlings, crows, fly-catchers, etc. The foot is charac- 
teristic (4 toes: 3 in front, 1 behind). The majority have a 
well-developed vocal organ (syvimx), and constitute a sub-order 
Oscines or singing birds. 
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21. MAMMALIA.—Warm-blooded viviparous animals, suck- 
ling their young; with covering of hair; double occipital con- ° 
dyles and relatively large brain. Other distinctive characters are 
—(1) lower jaw articulates directly with skull, the quadrate bone 
becoming an ear-ossicle (malleus); (2) diaphragm dividing the 
body-cavity into thoracic and abdominal portions; (3) left 
aortic arch persists; (4) non-nucleated blood-corpuscles.. The 
mammalia form a well-defined group, the highest term in the 
ascending series of animal forms. Oldest fossil remains from 
Triassic (generalized marsupial form). About 3500 species 
known, of which 21oo are living. Three sub-classes are 
recognized, based on the relations of the young to the mother 
before birth. Fourteen orders are included— 


ORNITHODELPHIA. 


a. Monotremata—duck-bill, echidna; a common genito- 
urinary and digestive outlet (cloaca) ; laying large eggs. Char- 
acters, bird-like. 


DIDELPHIA. 


b. Marsupiaha—pouch-bearing mammals, kangaroos, opos- 
sums, etc. ; with marsupium (pouch) and supporting bones. 


MONODELPHIA. 


PLACENTAL MAMMALS. 


I. Brain with a relatively small, smooth cerebrum. 

c. Bruta or LEdentata—sloths, ant-eaters, and armadillos; 
incisors absent, sometimes toothless. 

@d. Glres—rodents; porcupines, rats, squirrels, hares, etc.; 
large incisors. 

e. Insectivora—moles, hedge-hogs, and shrews; fore-limbs 
especially adapted for burrowing ; characteristic molar teeth. 

j. Chiroptera—bats ; fore-limbs adapted for flight. 
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II. Brain with a relatively large, convoluted cerebrum. 

g. Cetacea—whales, porpoises, etc. ; form fish-like, no hind- 
limbs. : 

h. Sirenta—manatee, sea-cow, etc.; form fish-like; jaw and 
teeth characteristic. 

2. Proboscidea—elephants, mammoth; snout prolonged into 
a proboscis.. 

j. HHyracoidea—hyrax ; long, curved incisors; feet padded, 
toes hoofed. 

k. Toxodontia—extinct forms, with well-developed incisors. 

/. Ungulata—hoofed mammals; toes encased in hoofs. 

m. Carnivora—tflesh-eating mammals: cats, dogs, bears, etc.; 
pointed teeth, large claws. 

n. Primates—lemurs (Prosimie); monkeys, apes, and man 
(Anthropoidea). Brain with cerebral lobes almost or quite cover- 
ing the cerebellum; nails present, as a rule; quadrupedal, 


 quadrumanous, or erect and bimanous (Cebus, Gorilla, Homo). 
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